Introduction
The increase in global mean surface temperatures in 2081-2100 relative to 1986-2005 is estimated between 0.3°C and 4.8°C, depending on representative concentration pathways (RCPs). Agricultural production will thus be affected by this climate change in different ways, including changes in yield and harvested area. Numerous studies exist on how future climate change could impact global agricultural production. For instance, Lobel (2007) examined the changes in diurnal temperature range and national cereal yield, and Furuya et al. (2015) developed yield-response functions for the world food model to evaluate climate change effects by incorporating a crop model into the yield-trend functions 11 . Moreover, Furuya and Koyama (2005) examined how climate change will impact world grain JARQ 53 (2) 2019 (2016) were the first to evaluate how future agricultural investments will impact the world rice market, especially the volatility of international rice prices, by factoring in future climate change. This study examines how agricultural investment will contribute to stabilizing world wheat market by factoring future climate change. This study utilizes Organisation of Economic CoOperation and Development (OECD)-based agricultural investment data on developed countries and FAO-based data on developing countries to conduct simulations for alleviating climate risks for wheat production systems and markets through a partial equilibrium model.
Structure of the WECC model and data for regression
The Wheat Economy Climate Change (WECC) model covers the wheat markets in 10 countries and two regions (EU28, China, India, USA, Russia, Ukraine, Canada, Australia, Argentina, Indonesia, Egypt, and the rest of the world). The model also covers Germany, France, and other EU production to aggregate EU wheat production. The base year range is 2014-2016 (3-year average for 2014-2016) . Each country's market consists of production, consumption, exports, imports, and ending stock until 2040. The WECC model covers equations for projecting wheat yield and planted area affected by climate change (Fig. 1) . This study applied an Error Correction Model in order to evaluate the long-run equilibrium relationships among economic variables.
The wheat yield equation for developed countries depends on annual flowering season averages of temperature, precipitation, amount of solar radiation, and lagging investments 3 . The wheat-planted area 3 Constant term and time trend are estimated; however they are not applied for projections. Instead of statistically estimated constant term and time trend, this study applied a coefficient of calibration to improve reality for the model projection activity. The coefficient of calibration obtained to correct each market activity of the first projection year (2017) is equivalent to the updated estimation data (2017) published by USDA-FAS (2017). 4)
Fig. 1. Structure of the WECC model
The per capita wheat consumption for food depends on income, domestic prices of wheat and rice, and time trend. The per capita wheat consumption for feed depends on income, domestic wheat price, beef, pork, and cheese prices 9 . ln (PQCWFO t, c For net wheat exporting countries, wheat imports are based on domestic wheat price. Wheat exports are calculated by the exportable domestic market balance 7 AHW is the harvested area, and ABD is the abandoned area. The abandoned area is an exogenous variable and will be utilized for simulation in future studies. 8 This equation is a feed demand element function for livestock production; however, the impact of income elasticity is bigger than that of price elasticity. Consequently, income elasticity is incorporated into this equation. 9 This equation is a feed demand element function for livestock production; however, the impact of income elasticity is bigger than that of price elasticity. Consequently, income elasticity is incorporated into this equation. 10 PQCWFO is the per capita wheat consumption for food, PCGDP is the per capita GDP (constant price), and a20-a22 are parameters. Tables 3-1, 3 -2, and 3-3 list these estimated parameters. 11 QCWFO is the wheat consumption for food, and POP is the population. 12 QCWFE is the wheat consumption for feed, GDP is the GDP (constant price), BFPP is the domestic beef price, PKPP is the domestic pork price, CHPP is the domestic cheese price, and a23-a27 are parameters. Tables 4-1 and 4-2 list these estimated parameters. 13 QCW is wheat consumption. equation depends on the domestic prices of wheat, competitive commodity prices, precipitation, and lagging investments. Changing rate from current to previous year of climate variables and price variables effect on wheat yield and wheat-planted area. The lagged changing rate of agricultural investment variables effect on wheat yield and wheat-planted area. They mean that agricultural investments can impact wheat yield and wheat-planted area with a lag, different from climate and price variables. The WECC model is developed as a new model to cover agricultural investment variables derived from both OECD and FAO. The model also covers different climate variables from a rice model (RECC model) 4 . Consequently, the model approach is different from Koizumi and Kanamaru (2016) , and the model has originality to differ from the previous model approaches.
The wheat-harvested area is derived from the difference between the planted and abandoned areas. Further, wheat production is calculated by multiplying the harvested area and wheat yield as follows: In the RECC model, the paddy rice yield equation depends on the annual averages of minimum temperature, maximum temperature, precipitation, lagging investments in land development and agricultural machinery & equipment, and time trend (Koizumi and Kanamaru 2016) .
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Y is wheat yield, TEMFLAV is the average temperatue of the flowering season, PREFLAV is the average precipitation of the flowering season, SORFLAV is the average of the amount of solar radiation of the flowering season, AGIS is the investment amount of agricultural knowledge and innovation system, DMF is that of development and maintenance of infrastructure, IC is that of inspection and control, LD denotes that of agricultural land development, AME denotes that of agricultural machinery/equipment, c denotes countries/region, and a1-a8 are parameters. Tables A1-1, A1 -2, and A1-3 list these estimated parameters. 6 APW is the planted area of wheat, DWP is the domestic wheat price, PRCAV is the average precipitation, DMP is the domestic corn price, DSP is the domestic soybean price, DCGP is the domestic coarse grain price, DVOP is the domestic vegetable oil price, DSBP is the domestic white sugar price, DRP is the domestic rice price, DCTP is the domestic cotton price, LD is the lagging investment in agricultural land development, and a9-19 are parameters. Tables A2-1 , 2-2, and 2-3 list these estimated parameters.
of East Anglia). For larger countries, the values for the grids that correspond to major wheat-producing areas are averaged 20 . For the other countries, the values for all grids that cover the entire territory are spatially averaged. The historical yield, planted area, harvested area, production, per capita consumption, imports, exports, and ending stock data for wheat 21 are derived from Production, Supply and Distribution (PS&D) (USDA-FAS 2017) . This study defines wheat producer price as the domestic wheat price, derived from FAOSTAT (FAO). These data are used for regression in the time-series analysis.
Baseline assumptions and scenarios
The baseline outlook adopts a set of assumptions for the general economy, agricultural policies, and technological changes without any policy shock during the outlook period. The climate variables (temperatures, precipitation, and amount of solar radiation) for both the baseline outlook and policy scenario come from the climate change projections of the Model for Interdisciplinary Research on Climate (MIROC), a global climate model under the RCP 4.5 scenario. Spatially averaged climate variables for each country are computed similarly to the historical climate data used for regression. The flowering seasons for model covered countries differ as Table 1 . The standard deviations for temperature, precipitation, and solar radiation during the flowering season in most analyzed countries are projected to increase in 2017-2040 compared to 1980-2009 (Tables  2, 3 , and 4). The exogenous variables for per capita GDP growth rate, population, international commodity prices, and livestock production are listed in Tables A9-1 and  A9-2 22 . This study assumes that current agricultural and trade policies will continue, and abandoned areas will become zero in all countries throughout the outlook deficit remaining after the domestic market has been satisfied. The results of unit root tests (ADF test) confirmed that the time-series data of dependent variables and explanatory variables used in this study are stationary series. 22 The population data for all countries were obtained from the 2017 Revision (medium variant) of World Population Prospects, United Nations (2017). The per capita real GDP was also treated as an exogenous variable, and GDP growth rate assumptions were based on World Economic Outlook 2017 (IMF 2017) . These GDP growth rates are available up to 2022. This study assumes that the average per capita GDP growth rate from 2017 to 2022 in each country will continue to be the same in 2023-2040. Competing commodity prices and domestic livestock production are derived from OECD- FAO Agricultural Outlook 2017 -2026 (OECD-FAO 2017 14 IMW is wheat import, and a28 is a parameter. Tables A5-1 and 5-2 lists the estimated parameters. 15 EXW denotes wheat exports, and ESW is the ending stocks of wheat. 16 a29 is a parameter. IWP is the international wheat price. 1980 -1989 1990 -1999 2000 -2009 -2026 27 and agricultural machinery and equipment are applied for other countries (India, China, Egypt, Argentina, and Pakistan (the rest of the world)). Both OECD and FAOSTAT agricultural investment data can be used not only for wheat but also for other crops. However, this study covers major wheat-producing countries. Therefore, it assumes that these agricultural investments will be mainly used for wheat production, and the current growth rate of agricultural knowledge and innovation system, development and maintenance of infrastructure, and inspection and control from 2006 to 2015 for Australia, Canada, the USA, and the EU will continue during the outlook period 28 (Table 5 ). We also assume that the current growth rate of agricultural knowledge and innovation system, and development and maintenance of infrastructure from 2006 to 2011 in Russia and Ukraine will continue during the outlook period 29 . This study also assumes that the current growth rate of land development and agricultural machinery and equipment from 1990 to 2007 in other countries (India, China, Egypt, Argentina, and Pakistan (the rest of the world)) will continue during the outlook period (Table 6) 30 . This study applied alternative scenarios to the baseline outlook. This study examines the impact of agricultural investment on world wheat markets. Consequently, this study applied the growth rate of agricultural investments will be zero for major producing countries as scenarios. The growth rates of agricultural knowledge and innovation system, and development and maintenance of infrastructure in Australia under scenario 1, that in the USA under scenario 2, that in Russia under scenario 3, and that in Ukraine under 1980 -1989 1990 -1999 2000 -2009 -2026 The growth rates of investments in development and maintenance of infrastructure in the USA from 2006 to 2015 were 10.9% on average, which seems too high. Instead, we apply the growth rates from 2012 to 2015 for USA (0.7%) to the baseline outlook period. 29 The growth rates of investments in development and maintenance of infrastructure in Russia from 2006 to 2011 were 18.5%, which seems too high. Instead, we apply the growth rates from 2005 to 2007 for Russia (2.7%) to the projection period.
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The growth rates of agricultural machinery & equipment in India from 1990 to 2007 were 6.6%, which seems too high. As a result, this study applies the growth rate from 2003 to 2004 for India (2.4%) to the projection period. 23 The agricultural knowledge and innovation system covers agricultural knowledge generation and agricultural knowledge transfer. 24 The development and maintenance of infrastructure covers hydrological infrastructures, storage, marketing, other physical and institutional infrastructure, and farm restructuring.
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Inspection and control covers agricultural product safety and inspection, pest and disease inspection and control, and input control.
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GSSE is summed up by all types of agricultural indicators by OECD and not assumed to have inflation problems for targeted countries (Interviewed from OECD Trade and Agriculture Directorate, 2018.4).
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Land development is the result of actions leading to major improvements in land quantity, quality, or productivity, or which prevent its deterioration. These time-series data are derived from FAOSTAT (FAO). These data are summed up by scenario simulation for FAO-based land development and agricultural machinery, and equipment in China, India, and Argentina.
OECD General Service Support Estimates data. This study focuses on the country-based agricultural investment impact on the world wheat market and wheat price volatility. Therefore, it excludes the EU from the scenario simulation countries. scenario 4 are hypothesized to be zero from 2017 to 2040. This study focuses on the OECD-based agricultural investment impact on world wheat market and wheat price stability 31 1975-1985 1985-1995 1996-2007 1990-2007 2003-2004 Outlooks were made using various agricultural investment scenarios in selected countries for comparison against the baseline outlook. These agricultural investments can be considered to be working as climate change adaptation measures. Under scenario 1, Australian wheat production is expected to decrease
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The projected price is constant price.
Results
Under the baseline assumptions, world wheat production is expected to increase at a rate of 1.3% per annum from 2014-2016 to 2040 (Table 7) , and consumption is expected to increase at a rate of 1.4% per annum from 2014-2016 to 2040 (Table 8) . World wheat exports and imports are expected to increase at a rate of 2.5% per annum during the same period ( T. Koizumi by 0.7%. Consequently, the international wheat price is expected to increase by 3.8% (Table 9 ). The CVs of the international wheat prices from 2014-2016 to 2040 in all scenarios are higher than those in the baseline outlook (Table 10) . As a result, the CV is calculated as 0.3223 during the simulation period (scenario 1), 0.3237 (scenario 2), 0.3278 (scenario 3), and 0.3267 (scenario 4), as shown in Table 10 . The CV from scenario 3 is slightly higher than that from scenario 4. Consequently, the impact from scenario 3 on Russia is the most important for stabilizing the international wheat price among the scenario targeted countries.
Conclusion
This study conducted simulations on alleviating climate risks for wheat production systems and markets by utilizing a partial equilibrium model. It examined how future agricultural investments would impact the world wheat market, especially the stability of international by 6.9% and exports by 8.7% compared to the baseline outlook average from 2017 to 2040. Consequently, the international wheat price is expected to increase by 1.6% (Table 9) . Under scenario 2, the US wheat production is expected to decrease by 5.3%, and exports by 9.4% compared to the baseline outlook average from 2017 to 2040. Consequently, the international wheat price is expected to increase by 3.0% (Table 9) . Under scenario 3, Russian wheat production is expected to decrease by 16.0%, and exports by 27.9% compared to the baseline outlook average from 2017 to 2040. World wheat production and consumption are expected to decrease by 0.6%, and world wheat exports and imports to decrease by 1.8%. Consequently, the international wheat price is expected to increase by 11.0% (Table 9 ). In scenario 4, Ukrainian wheat production is expected to decrease by 18.8%, and exports by 31.5% compared to the baseline outlook average from 2017 to 2040. World wheat production and consumption are expected to decrease by 0.2%, and world wheat exports and imports to decrease wheat price, by considering future climate change in midlong term. The simulation results suggest that agricultural investments in major wheat-producing countries will contribute to price stability in mid-long term, by considering climate change. Among scenarios, the changing rates of wheat production and export in scenario 3 (Russia) are higher than those in other scenarios. Russia is projected to become the world's largest wheat exporting country in the baseline outlook, and it means that Russian wheat production and export will the most crucial factor that can impact the world wheat market. As a result of this study, Russian agricultural investment is the biggest factor that can impact the world wheat market.
In conclusion, agricultural investments in Russia play a crucial role in stabilizing international wheat prices in mid-long term, as wheat production becomes increasingly affected by climate change. This study applied specific assumptions to baseline and scenario outlooks, but could also apply other macro-assumptions and climate change projections to the baseline and scenario outlooks as a future direction of study. This model may have simultaneous determination bias in each elasticity, and examining and eliminating this bias are also the future direction of this study. 
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